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Bengal dayflower (also known as tropical spiderwort) is one of the most troublesome weeds in peanut in Georgia, United
States. Field studies conducted in 2004 and 2005 evaluated the relationship between the duration of Bengal dayflower
interference and peanut yield in an effort to optimize the timing of weed control. In 2004, the critical period of weed
control (CPWC) necessary to avoid greater than 5% peanut yield loss was between 316 and 607 growing degree days
(GDD), which corresponded to an interval between June 8 and July 2. In 2005, the CPWC ranged from 185 to 547
GDD, an interval between May 30 and July 3. Maximum yield loss in 2005 from season-long interference of Bengal
dayflower was 51%. In 2004, production of peanut pods was eliminated by interference with Bengal dayflower for the
initial 6 wk (495 GDD) of the growing season. Robust Bengal dayflower growth in 2004 shaded the peanut crop, likely
intercepting fungicide applications and causing a reduction in peanut yield. Therefore, the competitive effects of Bengal
dayflower are likely complicated with the activity of plant pathogens. In spite of higher Bengal dayflower population
densities, greater Bengal dayflower growth, and greater peanut yield losses in 2004 than in 2005, the CPWC was a relatively
similar 4-wk period that ended during the first week of July, for peanut that was planted in the first week of May.
Nomenclature: Bengal dayflower (tropical spiderwort), Commelina Bengalensis L. COMBE; peanut, Arachis
hypogaea L.
Key words: Competition, noxious weed, interference, invasive weed, yield loss.

Bengal dayflower (also known as tropical spiderwort) is
a significant weed throughout warm temperate regions of
Africa, Asia, and South America (Holm et al. 1977; Webster
et al. 2005a; Wilson 1981). This exotic invasive weed has
become a significant pest in cotton (Gossypium hirsutum L.)
and peanut in Georgia and Florida (Webster 2005). With
a known distribution limited to five Georgia counties in 1999,
Bengal dayflower was confirmed in 29 Georgia counties in
2004 (Prostko et al. 2005b), with four more added in 2005
(Flanders 2005) and three more counties in 2006 (A. S.
Culpepper, personal communication). Bengal dayflower has
become a significant pest because of drastic changes in crop
production practices, including, but not limited to: elimina-
tion of the use of preemergence (PRE) herbicides with soil
residual activity, adoption of reduced tillage (coupled with
elimination of cultivation as a weed control tactic), and
reliance on glyphosate-based systems for weed control (Brecke
et al. 2005; Spader and Vidal 2000; Webster et al. 2005a,
2006). Although glyphosate-based cropping systems have
provided more efficient weed control, there are several weeds
that are not effectively managed with these systems (Main et
al. 2004; Mueller et al. 2005). Bengal dayflower is an example
of a species that became problematic when glyphosate was
relied upon as the primary means of weed control. Control of
3 to 10–cm-tall Bengal dayflower plants with glyphosate was
ineffective (, 55% control) (Culpepper et al. 2004). Poor
control of Bengal dayflower in cotton has an impact on
subsequent rotational crops such as peanut. Another consid-
eration for Bengal dayflower control is that this weed species is
an alternate host for several soil-borne plant pathogens and

nematodes, which could have a deleterious impact on crop
rotations aimed at reducing these pests (Davis et al. 2006;
Desaeger and Rao 2000; Kucharek et al. 1998; Mbwana et al.
1995; Narendra and Rao 1973).

Bengal dayflower possesses a sprawling growth habit that
will quickly form a dense ground cover capable of developing
adventitious roots at nodes upon soil contact (Webster et al.
2005a). Previous studies indicated that Bengal dayflower was
more competitive than peanut when grown in replacement
series studies in the greenhouse (Chivinge and Kawisi 1990).
When Bengal dayflower was a component of a multispecies
weed complex, cotton and peanut yields were reduced up to
62% (Ahanchede 1996; Paulo et al. 2001). However, no
studies thus far have evaluated the effect of duration of Bengal
dayflower interference on peanut in the absence of other
weeds. Determination of the critical period of weed control
(CPWC) has been advocated as an important means of timing
postemergence (POST) weed management, especially in
herbicide-tolerant crops (Knezevic et al. 2002, 2003; Martin
et al. 2001). However, understanding the CPWC for
a particular species can also aid in development of multiple-
tactic weed management systems. For instance, planting
cotton in April, as opposed to June, is a means of reducing the
impact of Bengal dayflower on cotton yield (Webster et al.
2005b). Because of the occurrence of tomato spotted wilt
virus, peanut is at it lowest risk for infection when planted
between May 11 and May 31 (Culbreath 2007). Therefore,
early planting cannot be used as a strategy to avoid the
situation in which young crop seedlings will be competing for
resources during primary Bengal dayflower emergence and
growth periods. In peanut, weed management systems rely on
multiple herbicide applications.

The objective of this study was to quantify the critical
period of Bengal dayflower control in peanut in order to
optimize the timing of weed control and provide guidance on
the length of residual herbicide control required to minimize
the impact of Bengal dayflower.
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Materials and Methods

Field studies were conducted in 2004 and 2005 in
a grower’s field with a naturalized population of Bengal
dayflower near Cairo in Grady County, GA. The soil type was
Varina sandy loam (fine, kaolinitic, thermic Plinthic
Paleudults) with 0.5% organic matter and soil pH 6.0 to
6.2. Fields were conventionally prepared by harrowing.
Peanut (Georgia Green) was planted May 5, 2004 and May
7, 2005 at a rate of 19 seed m21 in rows spaced 91 cm apart.
The entire experimental area was treated with 930 g ai ha21

pendimethalin immediately following planting in order to
minimize presence of grass and small-seeded broadleaf weeds.
Previous studies indicated that pendimethalin has no affect on
Bengal dayflower growth (A. S. Culpepper, personal commu-
nication). Plots consisted of four rows, each 7.6 m in length.
Treatments were arranged in a randomized complete block
design and replicated four times. Weedy duration and weed-
free duration intervals included 0, 2, 4, 6, 8, and 10 wk after
peanut emergence (WAE) in 2004 and 0, 2, 3, 4, 5, and 7
WAE in 2005. The weedy duration interval was defined as the
length of time that Bengal dayflower competed with peanut
beginning at crop emergence. Following this interval, Bengal
dayflower was kept out of these plots until 11 WAE in 2004
and 8 WAE in 2005, the time during which emergence of new
Bengal dayflower plants was negligible. The weed-free
duration interval was defined as the length of time, measured
from peanut emergence, that Bengal dayflower was kept out
of the plot. Following this interval, Bengal dayflower
reinfested the plot and competed with peanut until harvest.
All prescribed weed-free intervals were maintained by hand-
weeding and hoeing. To prevent reestablishment of large
Bengal dayflower plants, their biomass was removed from the
plot following weeding.

The grower applied maintenance fungicides to the
experimental plots when the rest of the field (commercial
operation) was treated, according to University of Georgia
Extension recommendations (Prostko et al. 2005a). In 2005,
clethodim at 0.14 kg ai ha21 was applied to the entire
experimental area to control grasses, because of the lack of
timely rainfall to fully activate the pendimethalin. Low
densities (, 0.1 plants m22) of eclipta (Eclipta prostrata L.) in
2004 and of spiny amaranth (Amaranthus spinosus L.) in 2005
were hand weeded in all plots as needed; however, the
aggressive growth of Bengal dayflower minimized growth of
other weed species.

Peanut plant canopy width was measured at 3, 5, 7, and 9
WAE. Bengal dayflower emergence data were collected every
7 d in the weed-free control until crop canopy formation.
Newly emerged weeds were quantified in four 0.25-m2

quadrats in each replication prior to removal. Rainfall data
were collected at each site and measured weekly. Soil
temperature data (2-cm depth) used for growing-degree-day
calculation were collected off-site at the Georgia Weather
Monitoring Network, located within 5 km of the experiment
(Hoogenboom 2006). Growing degree days were calculated
by using daily minimum and maximum soil temperature and
a model that uses a modified sine wave (Allen 1976). Previous
studies used a base temperature of 15.5 C for Bengal
dayflower (Webster et al. 2004), in part because of the
widespread use of this base temperature in tracking the
phenological stages in cotton production (Viator et al. 2005);
growing-degree models are not commonly used in peanut.

However, in order to improve the applicability of these data to
growers (Forcella 1997), the use of growing degree days is
recommended to describe CPWC because it provides a more
biologically meaningful measure of crop growth compared to
just time after planting (Knezevic et al. 2002). The selection
of this base temperature for Bengal dayflower was guided by
previous research (Gonzalez and Haddad 1995; Walker and
Evenson 1985b). Each of the four different types of Bengal
dayflower seed (large aerial, small aerial, large subterranean,
and small subterranean) were evaluated for their response to
temperatures between 15 and 36 C. Small seeds failed to
germinate at 15 C, but germination did occur at the next
highest temperature evaluated (18 C) (Walker and Evenson
1985b). Small aerial seeds account for 73 to 79% of total seed
production (Walker and Evenson 1985a).

The crop was inverted approximately 5 d prior to harvest.
Peanut yield was determined from two rows of each plot with
the use of a stationary plot thresher on October 1, 2004 and
November 1, 2005. Data were subjected to analysis of
variance with the use of a mixed model in which weedy and
weed-free duration were fixed effects and replications were
random effects, as described by Knezevic et al. (2002). The
relationship between crop yield and growing degree days in
the weedy duration and weed-free duration studies were fit to
a logistic regression model and a Gompertz regression model,
respectively.

Results and Discussion

Weedy Duration. There were significant treatment by year
interactions for peanut yield; therefore, data were presented
separately for 2004 and 2005. In 2004, there was no effect of
Bengal dayflower interference on peanut yield reduction for
the initial 2 wk of the growing season (Figure 1). There was
a 10% yield reduction when Bengal dayflower interfered with
peanut for the initial 4 wk of the growing season (326 GDD)
following peanut emergence. Across 6 site years, sicklepod

Figure 1. The relationship between duration of Bengal dayflower interference
and peanut yield in 2004. The weedy duration study was described by log-
logistic regression model y 5 110/[1 + (x/329)47], P , 0.0001. The weed-free
duration study was described by the Gompertz regression model y 5 111.2
exp{2 exp[2(x 2 300)/166]}, P , 0.0001. The horizontal dashed line represents
5% yield loss relative to the weed-free control, and the vertical dashed lines define
the critical period of weed control of 316 and 607 growing degree days (base
temperature of 15.5 C).
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[Senna obtusifolia (L.) Irwin and Barneby] interference for
6 wk caused up to 13% peanut yield loss (Hauser et al. 1975).
Similarly, 6 wk of interference from common cocklebur
(Xanthium strumarium L.) reduced peanut yield 14% (Royal
et al. 1997a), whereas this duration of interference from
bristly starbur (Acanthospermum hispidum DC.) reduced
peanut yield 17 to 23% (Walker et al. 1989). Horsenettle
(Solanum carolinense L.) reduced peanut yield 14% when
interfering with peanut growth for the initial 6 wk of the
season (Hackett et al. 1987). Six wk of interference from
Bengal dayflower (495 GDD) eliminated peanut pod
production (100% reduction in yield) in 2004. The field site
in 2004 had a very high naturalized population of Bengal
dayflower; over the course of the season, 1,080 Bengal
dayflower plants m22 emerged in the weed-free control.
Adequate early-season rainfall in 2004 allowed for robust
Bengal dayflower growth (Figure 2). Bengal dayflower plants
exceeded the height of the peanut crop, forming a canopy by
5 wk after planting in 2004 (personal observation). The
aggressive growth and high Bengal dayflower plant densities in
2004 minimized peanut growth. However, not all of the yield
loss can be attributed to Bengal dayflower interference. One
consequence of Bengal dayflower forming a canopy above the
peanut was the interception of maintenance fungicide
applications (personal observation), a situation that has been
previously documented with broadleaf weeds in peanut (Royal
et al. 1997b). Therefore, peanut yield loss was confounded in
2004, as yield loss could be attributed to both Bengal
dayflower interference and plant pathogens, because of the
inability of fungicides to contact peanut foliage.

In 2005, peanut yield loss from Bengal dayflower was not
as severe as that observed in 2004. Maximum yield loss from
season-long Bengal dayflower interference was 51% in 2005,
and 2 wk of interference at the beginning of the season
reduced yields , 5% (Figure 3). Season-long interference
(. 18 wk) from Florida beggarweed [Desmodium tortuosum
(Schwartz) DC.] and horsenettle caused 39% peanut yield
loss, and sicklepod reduced peanut yields 38 to 75% (Hackett
et al. 1987; Hauser et al. 1975). Peanut yield loss from season-
long interference from wild poinsettia (Euphorbia heterophylla

L.) ranged between 75 and 82%, and common cocklebur
reduced yields 85% (Bridges et al. 1992; Royal et al. 1997a).

Differences in peanut yield losses due to Bengal dayflower
intervals of interference among years are likely related to the
site and environmental characteristics. Although both sites
were on the same farm and had naturalized Bengal dayflower
populations, the total number of plants that emerged in the
2005 weed-free control (230 Bengal dayflower m22) was
approximately one-fourth of the emerged population in 2004.
The overriding environmental characteristic that likely limited
Bengal dayflower emergence was rainfall. Rainfall immedi-
ately prior to planting in 2005 totaled 3.2 cm; however, the
subsequent 3 wk had no measurable rainfall (Figure 2). Early-
season lack of moisture in this nonirrigated field affected
early-season peanut growth and Bengal dayflower emergence.
In its native habitat, Bengal dayflower is characterized as
a monsoon weed, responding to high soil moisture with rapid
emergence, growth, and reproduction (Kaul et al. 2002).
Significant rainfall events in late June and early July of 2005
brought the cumulative rainfall totals in 2004 and 2005 to
similar levels. Temperature is the other environmental factor
governing weed emergence; however, accumulation of
growing degree days was similar in 2004 and 2005 (data
not shown).

Weed-Free Duration. Peanut yield increased with weed-free
duration in a sigmoidal manner in 2004 (P , 0.0001), and in
a near-linear manner in 2005 (P 5 0.0002). When peanuts
were maintained free of Bengal dayflower for only the initial
2 wk of the growing season (after which Bengal dayflower was
allowed to emerge and interfere with peanut for the remainder
of the season), peanut yield was eliminated in 2004
(Figure 1). Plots kept free of Bengal dayflower for only the
first 6 wk of the growing season reduced peanut yields to
, 70% of the weed-free control. When Bengal dayflower was
eliminated during the initial 8 wk of the growing season (668
GDD), there was no detectable peanut yield loss relative to
the weed-free control in 2004.

Figure 2. Cumulative rainfall during the growing season in 2004 and 2005 at
the Tenewitz Farm and the 40-yr average rainfall for Grady County, Georgia,
United Strates (Hoogenboom 2006).

Figure 3. The relationship between duration of Bengal dayflower interference
and peanut yield in 2005. The weedy duration study was described by log-logistic
regression model y 5 100/[1 + (x/602)2.5], P 5 0.0001, and the weed-free
duration study was described by the Gompertz regression model y 5 152
exp{2 exp[2 (x 2 67)/635]}, P 5 0.0002. The horizontal dashed line represents
5% yield loss relative to the weed-free control, and the vertical dashed lines define
the critical period of weed control of 185 and 547 growing degree days (base
temperature of 15.5 C).
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The lack of high Bengal dayflower densities in 2005 relative
to 2004 resulted in different patterns in peanut yield loss due
to weed interference. The drought-like conditions at the
beginning of the 2005 growing season minimized the benefit
of early-season weed control due to the lack of Bengal
dayflower emergence. When peanut was kept free of Bengal
dayflower for the first 2 to 5 wk following peanut emergence
(200 to 422 GDD), peanut yield ranged from 68 to 88% of
the yield in the weed-free treatment (Figure 3).

Common cocklebur controlled only during the initial 2 to
6 wk of the growing season resulted in peanut yields that were
46 to 82% of the weed-free control (Royal et al. 1997a). A
2-wk weed-free period for wild poinsettia reduced peanut
yields 17 to 56%, and a 6-wk weed-free period resulted in 13
to 39% peanut yield loss (Bridges et al. 1992). When allowed

to reinfest after 2 wk of weed-free conditions, bristly starbur
and horsenettle reduced peanut yields 19 to 28 and 10%,
respectively (Hackett et al. 1987; Walker et al. 1989). In these
same studies, 6 wk of weed-free conditions averted a peanut
yield loss due to bristly starbur and caused 5% yield loss from
horsenettle.

Critical Period of Weed Control. Metolachlor is an effective
residual control of Bengal dayflower (Culpepper et al. 2004;
Prostko et al. 2005b; Webster et al. 2006). As peanut emerges,
it is recommended that me-
tolachlor (0.80 kg ai ha21) be applied with bentazon
(0.28 kg ai ha21), and paraquat (0.21 kg ai ha21) to control
emerged and germinating Bengal dayflower seedlings (Prostko
et al. 2005b). A sequential application of imazapic
(0.070 kg ha21) and metolachlor (0.80 kg ha21) is recom-
mended POST. The cost of this program is $99/ha, which is
approximately equivalent to 5% peanut yield loss (assuming
a yield of 4480 kg ha21 and a selling price of $0.46 kg21).
The Bengal dayflower CPWC necessary to avoid greater than
5% peanut yield loss in 2004 was an interval between 316
and 607 growing degree days (GDD), corresponding to a
24-d period between 3 (June 8) and 7 wk (July 2) after peanut
emergence (Figure 1). During this interval, the predicted
peanut canopy width was 35 to 78 cm (Figure 4). In 2005,
the CPWC ranged from 185 to 547 GDD, a 34-d interval
between May 30 and July 3. The peanut canopy width at the
initiation of the CPWC in 2005 was estimated to be
, 27 cm, whereas at the end of this interval, it was 69 cm
(Figure 4). In both seasons, the estimated CPWC coincided
with active Bengal dayflower emergence periods, with
maximum weekly emergence rates of 311 and 63 plants
m22 in 2004 and 2005, respectively (Figure 5).

The point at which the regression for weedy duration and
weed-free duration intersect represents the minimum yield
loss that can be expected from an optimally timed single

Figure 4. The linear relationship between peanut canopy width and growing
degree days, with a base temperature of 15.5 C. y 5 0.1492x 2 12.57, R 2 5

0.92, P , 0.0001.

Figure 5. The influence of growing degree days (base temperature of 15.5 C) on weekly Bengal dayflower emergence. Periods of active Bengal dayflower emergence in
both 2004 (a) and 2005 (b) occurred within the critical period of weed control intervals defined in Figures 1 and 3, which are indicated by the hatched boxes.
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weed control action. The aggressive growth of Bengal
dayflower in 2004 is illustrated by an intersection point
representing 46% yield loss if a weed control action occurs
at 354 GDD (Figure 1). In contrast, the intersection point
in 2005 represents 19% yield loss if weed control is initiated
at 374 GDD (Figure 3). The inclusion of herbicides with
soil residual activity (i.e., metolachlor and imazapic) is
necessary for effective management of Bengal dayflower in
peanut.

To minimize the impact of Bengal dayflower on peanut,
growers need to maintain their peanut crop free of Bengal
dayflower between 3 and 7 wk after peanut emergence. This
CPWC interval does not occur as early in the growing season
and does not last as long as that found in a study conducted in
Brazil. In a mixed population of weeds that included Bengal
dayflower and various grass and dicot weeds, peanut required
a CPWC interval of 2 to 9.5 wk after crop planting (Paulo et
al. 2001). The results of the current study are consistent with
previous research of CPWC with other weeds in peanut. The
CPWC for bristly starbur and horsenettle in peanut was
between 2 and 6 wk after crop emergence (Hackett et al.
1987; Walker et al. 1989). Common cocklebur was
a competitive species, requiring a CPWC interval between 2
and 12 wk after crop emergence (Royal et al. 1997a). The
CPWC for wild poinsettia was estimated to begin between 1.5
and 5 wk after crop emergence and to last between 7 and
12 wk in duration (Bridges et al. 1992). There is great
variability in the CPWC among the weed species, which may
reflect differences in competitive abilities among the tested
weed species and peanut varieties. However, peanut yield was
measured after season-long interference from horsenettle,
common cocklebur, and wild poinsettia. In contrast, Bengal
dayflower interference with peanut for 6 wk prevented peanut
yield in 1 of 2 yr of the current study. Walker et al. (1989)
reported that 20-wk (season-long) bristly starbur interference
caused 100% peanut yield loss in 1 of 3 yr.

One potential problem with CPWC studies is the
methodology used to maintain the weed-free periods. In the
current study, the prescribed areas were hand weeded weekly.
With a prostrate crop like peanut that sets fruiting branches
that peg to subterranean positions, excessive hoeing and soil
movement can result in crop injury, potentially introducing
variability into crop yield. Combining the peanut growth
habit with a sprawling plant such as Bengal dayflower, which
forms adventitious roots at nodes in contact with the soil, can
make effective weed removal problematic. Small Bengal
dayflower plants were easily uprooted with minimal distur-
bance. However, removal of dense mats of Bengal dayflower
vegetation between crop rows late in the growing season
required significant soil disturbance. Previous researchers have
utilized two primary techniques for removing weeds in
CPWC studies: hand weeding/hand hoeing (Bridges et al.
1992; Burnside et al. 1998; Halford et al. 2001; Harker et al.
2001; Lopez-Ovejero et al. 2005; Ngouajio et al. 1997;
Norsworthy and Oliveira 2004; Walker et al. 1989) and
combinations of herbicide and hand-hoeing (Baziramakenga
and Leroux 1994; Farris et al. 2005; Zhang et al. 2003).
Others have evaluated the weedy duration using only
herbicides (Knezevic et al. 2003), whereas other studies on
weed-free durations relied on hand-weeding and hoeing
(Buchanan and Hauser 1980; Hauser et al. 1975) or
combinations of hand weeding and cultivation (Buchanan et
al. 1976). Finding the most effective means of removing the

weed from the crop while minimizing the effect on crop yield
is an issue that must be addressed. Plots treated with
herbicides at different time intervals (and different crop
growth stages) may affect CPWC intervals; however, physical
weed control (e.g., hand removal, hoeing, and cultivation) can
have the same effects. In addition, although physical weed
control will immediately halt weed interference, weeds treated
with herbicides may continue to interfere with crop growth
for several days following treatment (Earl et al. 2004; Ferrell et
al. 2003, 2004). Therefore, herbicide mode of action may
need to be considered in order to adjust CPWC intervals that
were determined using physical weed control appropriately.
Ultimately, because of the increased adoption of conservation
tillage and increasing costs (both labor and fuel) associated
with in-crop cultivation (physical weed control), it is likely
that growers will use CPWC intervals as a means to optimize
herbicide applications. Future studies may need to address
these issues in order to improve applicability to growers’ fields
of CPWC information generated by these types of studies.

In summary, Bengal dayflower poses a serious threat to
peanut production where it occurs. Season-long interference
of Bengal dayflower in 2005 was 51%. However, peanut yield
was eliminated by interference with Bengal dayflower for the
initial 6 wk (495 GDD) of the 2004 growing season. The
Bengal dayflower CPWC necessary to avoid greater than 5%
peanut yield loss was between 316 and 607 GDD in 2004 and
185 to 547 GDD in 2005. These intervals indicate that
multiple herbicide applications are likely necessary to mini-
mize Bengal dayflower impact on peanut yield. Application of
the CPWC will maximize the effectiveness of weed control
tactics in terms of the benefit on crop yield in a particular
season. However, there are instances when rigorous Bengal
dayflower control programs should be employed. Aggressive
control of Bengal dayflower must be instituted in newly
infested areas. The key to minimizing the impact of this weed
in newly invaded areas in the Southern and potentially the
Midwestern United States is to eradicate Bengal dayflower in
locales outside of Florida and southern Georgia.
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